The HCl-extracted purified polysaccharide type antigens of group B Streptococcus types Ia and lb were composed of galactose and N-acetylglucosamine in a molar ratio of 3:1 for the Ia antigen and 2:1 for the Tb antigen. Immunochemical data were the same for the Ia antigens of type Ia, purified in this study, and type Ic, purified earlier. Glucosamine inhibited the lb quantitative precipitin reactions more effectively than did N-acetylglucosamine, whereas the reverse was true of the Ia reactions. Ouchterlony studies were consistent with these observations and also revealed two type-specific precipitin bands with the HCl-extracted Ta antigens. All saline-extracted type antigens, however, formed single Ouchterlony bands that were only partially identical to the corresponding HCI antigens. Purification of the saline antigens was accomplished by treatment with cold trichloroacetic acid and by fractional ethanol precipitation. Immunoelectrophoresis experiments showed that the saline antigens were more negatively charged than the HCl antigens. The presence of sialic acid in the saline antigens probably accounted for their net negative charge and the fact that they were partially degraded by mild acid hydrolysis. The same serological specificities were observed with saline-and with HCl-extracted antigens.
The HCl-extracted purified polysaccharide type antigens of group B Streptococcus types Ia and lb were composed of galactose and N-acetylglucosamine in a molar ratio of 3:1 for the Ia antigen and 2:1 for the Tb antigen. Immunochemical data were the same for the Ia antigens of type Ia, purified in this study, and type Ic, purified earlier. Glucosamine inhibited the lb quantitative precipitin reactions more effectively than did N-acetylglucosamine, whereas the reverse was true of the Ia reactions. Ouchterlony studies were consistent with these observations and also revealed two type-specific precipitin bands with the HCl-extracted Ta antigens. All saline-extracted type antigens, however, formed single Ouchterlony bands that were only partially identical to the corresponding HCI antigens. Purification of the saline antigens was accomplished by treatment with cold trichloroacetic acid and by fractional ethanol precipitation. Immuno- electrophoresis experiments showed that the saline antigens were more negatively charged than the HCl antigens. The presence of sialic acid in the saline antigens probably accounted for their net negative charge and the fact that they were partially degraded by mild acid hydrolysis. The same serological specificities were observed with saline-and with HCl-extracted antigens.
Approximately 99% of the group B streptococci isolated from human clinical material may be divided into types by allowing Lancefield HCl extracts of the organisms to react in a precipitin test with specific antisera (5, 6, 18, 19) . The same antisera afford passive protection in mice against challenge by the homologous mouse virulent strain (5, 6 ; R. C. Lancefield, personal communication (17) . These antigens are specific for neither group nor type, nor are they protective (9) .
The protective property of some of the B type antigens in mice (and by analogy, perhaps in humans) and their usefulness in epidemiological investigations have prompted several immunochemical studies on the purified polysaccharide (3, 8, 14, 18) and partially purified protein antigens (18) . Lancefield and Freimer (8) found D-galactose, D-glucose, and N-acetyl-D-glucosamine in the HCl-extracted type II CHO, the specificity of which was due to 3-galactose residues. In the antigen extracted with trichloroacetic acid, they found an additional component (later identified as sialic acid [7] ) which elicited mouse-protective and precipitating antibodies in rabbits and gave a net negative charge to the antigen. Russell and Norcross (14) found the same (18, 20) .
Absorption of antisera with purified antigens. Previous observations on the serological specificities of the polysaccharide type I antigens tested with antisera absorbed with whole cells were confirmed by the experiments summarized in Table 1 hapten inhibition with other lots of antisera was reported previously for the Ia antigen from type Ic cells (18) . More than 50% of the lb-specific precipitate was inhibited, however, by glucosamine or by -y-D-galactonolactone. d-Linked galactose derivatives were more effective inhibitors than those that were a-linked. The significance of these observations was further investigated by plotting a series of hapten inhibition curves.
Inhibition of lb precipitate. Sugars that inhibited the precipitin reaction of Ib CHO and type Ib antiserum greater than 30% at a concentration of 40 mg/ml are shown in Fig. 1 a Reaction mixture consisted of 20 mg of inhibitor, 0.1 ml of antiserum produced with the same strain used for antigen extraction, and the amount of purified polysaccharide antigen that gave maximum precipitation with 0.1 ml of antiserum (15 ug of Ia CHO from strain 090, 10 ug of Ia CHO from strain A909, and 35 gg of Ib CHO from strain H36B) in a total of 1.0 ml. bStrain numbers. c ND, Not done.
The inhibition of the lb quantitative precipitin reaction by y-galactonolactone, not a constituent of the purified antigen, was investigated in a different way. D-Glucosamine (10 mg) inhibited the quantitative curve through 90 jig of purified antigen and, therefore, may compete more effectively for antibody binding sites than does the same quantity of y-galactonolactone (Fig. 2) . Inhibition of Ia precipitates. Numerous inhibition curves were obtained by using both type la and Ic antisera with each of the purified CHO antigens extracted from type Ia and Ic cells. No hapten that was tested inhibited type Ic antiserum from combining with the antigens. Type la antiserum, on the other hand, was partially inhibited from combining with Ia CHO of either strain by y-galactonolactone and by N-acetylglucosamine ( Fig. 3 and 4 Table 3 .CI -5 were made on the type I antigens in the present study. Saline-extracted antigens formed spurs with HCl-extracted antigens when homologous whole-cell antisera were used (Fig. 6) . The incorporation of 1% sialic acid in the agar had no effect on the occurrence of spurs (not shown), although each type-specific saline antigen contained sialic acid in addition to galactose, glucose, and N-acetylglucosamine. The double band seen in other experiments when type Ia antiserum and Ia (HCl) CHO of type Ic were allowed to react appears in the center pattern. The extra band between type Ib antiserum and Ib saline antigen, seen in the right pattern, is due to the presence of Ibc protein in the lb sonic material and anti-Ibc in this antiserum.
The difference in charge of the HCl and saline antigens is seen in Fig. 7 . The purified HCI antigens migrated slightly toward the cathode by endosmosis during electrophoresis at alkaline pH. The more negatively charged saline antigens, however, moved toward the anode as shown in the bottom pattern when the Ia antigen of type Ia cells was used. The salineextracted CHO of types Ib and Ic had the same electrophoretic characteristics as that of type Table 3 Reaction mixture consisted of 0.1 ml of antiserum, 20 except for varying concentrations of haptens. Ab-ug of antigen, and the varying amounts of hapten breviations of haptens are listed under Fig. 1 ; also, indicated, in a total volume of 1.0 ml. See Fig. 1 and 3 N-acetyl-D-galactosamine, N-ac-Gal. To determine whether the saline antigens were labile to heat alone, the Ia saline antigen of type Ia was tested with antiserum specific for the labile portion of the antigen. Absorption of the antiserum with living or with heat-killed (60 C, 1 h) type Ia cells removed precipitating antibodies to the labile antigen. Furthermore, heating the antigen at 60 C for 1 h had no detectable effect on its reaction with the specific antiserum. Subjecting the antigen to 100 C at pH 2 for 10 min (Lancefield extract), however, made it unreactive with the labile-specific antiserum. These data suggested that the antigen was heat stable but that part of it had been hydrolyzed during HCI extraction. Effect of trichloroacetic acid on saline antigens. Saline extraction of sonically treated cells probably releases more than surface polysaccharide antigens, and therefore isolation and purification must proceed in a manner similar to that for HCl-extracted antigens. Experiments done to see what effect trichloroacetic acid has on the antigens showed serological identity of the saline antigens and those treated with 2.5% or 5% cold trichloroacetic acid (Fig.   8 ). Thus proteins could be precipitated by trichloroacetic acid without destroying the "labile" antigens in the supernatant. These antigens were further purified by fractional ethanol precipitation. Figure 9 shows the reactions of partial identity between the purified HCI and saline (trichloroacetic acid) antigens of the three types and shows a reaction of complete identity between the saline (trichloroacetic acid) Ia antigens of types Ia and Ic. weight) and N-acetylglucosamine (30%) in a molar ratio of 3:1. Similarly, the lb CHO of type lb was composed of galactose (60%) and Nacetylglucosamine (30%) in a molar ratio of 2:1. Color tests with Ehrlich reagent and hapten inhibition tests suggested that the specificity of Ia CHO depends on N-acetylglucosamine and that of the lb CHO on unacetylated glucosamine. If true, the difference could be due to cryptic acetyl groups in the lb antigen, which, in turn, could depend on nonterminal acetyl groups or apodeterminants (15) that tu3rn a different stereochemical face to the antibody than that of the Ia CHO. The quantity of hapten required to inhibit the quantitative precipitin reactions suggests, however, that these sugars have only a stereochemical similarity with, but not identity to, the immunodominant groups. This is also suggested by the lack of binding to lysozyme (12) and by the inhibition curves obtained with y-galactonolactone.
DISCUSSION
Furthermore, secondary linkages could be important. As mentioned previously- (18) (3, 8) , in which the labile residue was composed of sialic acid. Immunoelectrophoresis experiments showed that the type I saline antigens were more negatively charged than their corresponding HCl antigens and therefore might also contain sialic acid. Recent experiments detected galactose, N-acetylglucosamine, glucose, and sialic acid in approximate molar ratios of 5:2:1:1 in the purified saline Ia CHO of type Ia and lb CHO of type lb. However, immunochemical differences in the saline antigens of different group B types are implied by the fact that they are type specific.
The different yields of saline antigens observed with different strains probably reflect differences in the amounts synthesized and released from the streptococcal cell envelope into a microcapsule. Strain 090 (type Ia) has a large capsule, and therefore Ia CHO washes off in large amounts (R. C. Lancefield, personal communication). Sonic treatment was necessary to obtain comparable amounts of saline-CHO from H36B and A909. Sonic treatment also released the group B CHO and Ibc protein antigens. After the extracellular antigens were removed, hot HCl extraction of the cell sediments released large amounts of "HCl antigens.
These studies are pertinent to the epidemiology of group B neonatal disease. Prevention of neonatal septicemia and meningitis could be approached in two ways, by antibiotic prophylaxis of mother and infant or by maternal vaccination. The former method is the subject of considerable controversy (1, 2) ; the latter has not been tried. Antibody studies and efficacy trials would depend on purified and characterized antigens. It is possible that human immunity, if present, would be type specific since this specificity has been found in passive mouse protection studies. The B type antigens could, therefore, be virulence factors analogous to the M protein antigens of group A streptococci.
